The objective of this paper is to measure the productive efficiency of banks in a developing country, that is, India. The measurement of efficiency is done using Data Envelopment Analysis (DEA). Two models have been constructed to show how efficiency scores vary with change in inputs and outputs. The efficiency scores, for three groups of banks, that is, publicly owned, privately owned and foreign owned, are measured. The study shows that the mean efficiency score of Indian banks compares well with the world mean efficiency score and the efficiency of private sector commercial banks as a group is, paradoxically lower than that of public sector banks and foreign banks in India. The study recommends that the existing policy of reducing non-performing assets and rationalization of staff and branches may be continued to obtain efficiency gains and make the Indian banks internationally competitive which is a declared objective of the Government of India.
Introduction
The objective of this study is to measure and to explain the measured variation in the performance and therefore the productive efficiency of Indian commercial banks.
While many similar studies have evaluated the performance of banking sector in the US and other developed countries, very few studies have evaluated the performance of banking sectors in developing economies. Earlier though, Tyagarajan (1975) , Rangarajan and Mampilly (1972) and Subramanyam (1993) h ave examined various issues relating to the performance of Indian banks, none of these studies have examined the efficiency of bank service provision in India. Some recent studies did measure the efficiency in service provision of Indian banks but they s uffer from certain limitations as indicated in this paper.
The main impetus for this study was the appointment of the (second) Narsimham Committee (1997) by the Government of India, with a mandate to suggest a programme of banking sector reforms so as to 'strengthen India's banking system and make it internationally competitive'.
This obviously requires that the relative efficiency of Indian banks is measured and compared with banking efficiency in other countries. Secondly, a scheme of voluntary redundancies for bank employees is under consideration by the Indian Banks' Association. In this context, the efficiency issues of banks in India have again come to the fore. Thirdly, Indian banking is particularly interesting because of the diversity of bank ownership forms. Indian banks can be classified into three ownership groups; publicly owned, privately owned and foreign owned. It is expected that there will be performance variation across groups of banks.
This study will quantify and explain the performance variation. Lastly, there is little reliable empirical research on bank efficiency in India although Bhattacharya et al. (1997) , Chatterjee (1997) and Saha et al. (2000) have examined various issues relating to the performance of Indian banks. This study measures relative efficiency of Indian banks subsequent to the period used by the above studies. Additionally, it compares the efficiency of Indian banks with that of the banks in other countries.
The paper has been organized as follows. A brief review of the current state of the Indian banking sector is provided in section 2. In section 3 data and methodology are discussed. Section 4 presents the results and section 5 concludes.
An overview of the Indian banking sector
It is important to take stock of the special features of the banking sector in India, in order to put the efficiency issues in perspective. India is the largest country in South Asia with a huge financial system characterized by many and varied financial institutions and instruments. Indian banking sector was well developed even prior to its political independence in 1947. 'There was significant presence of both foreign and domestic banks and well developed stock market' (Bery, 1996, p. 245) . The system expanded rapidly after nationalization of major commercial banks in late 1969
and 'now ranks in the top quarter among developing countries' (Khanna, 1995, p. 265) . (Sathye, 1997) . There also are several Urban Cooperative Banks and 22,000 non-bank financial institutions (Khanna, 1995, p. 294) .
At the top of the banking system is the Reserve Bank of India, which is responsible for prudential supervision of banks, non-banks and for performing other central banking functions. There were two successive nationalization's of banks in India, one in 1969 and the other in 1980 and as a result public sector banks occupy a predominant role in Indian financial system. Despite a phenomenal expansion of number of branches, the population served per branch stood at 13,000 (RTPB, 1996, p. 126) . This is due to the fact that population of the country has been growing Indian banking was subjected to tighter governmental control over the ownership from the late 1960s known as social control over banks: the government nationalized the banks later. The banks were subjected to directed credit, prescribed interest rates and substantial pre-emption of deposits. The banking services that were mostly confined to metropolitan areas were expanded to the rural areas. Thus, while at the end of 1964 only 10 per cent of the commercial banks were located in rural areas, the proportion increased to 45 per cent thirty years later. The share of advances to activities in the priority sector 1 increased substantially after nationalization. The overall priority sector credit target is presently 40 per cent of net bank credit for both public sector and private sector banks. For foreign banks, the target is 32 per cent. The share of priority sector advances in total credit of commercial banks increased from 14 per cent in 1969 to 30 per cent in 1980 and to 39 per cent in 1985 (Thakur, 1990) .
Since the early 1990s, the Government of India has implemented many banking sector reforms. These include lowering of the cash reserve ratio from 15 per cent to present 8.5 percent ( These and similar other policy initiatives indicate the desire to make Indian banking more competitive by establishing a level playing field among the three groups of banks. As more than eight years have now elapsed since the initiation of the banking sector reforms, it is appropriate to take stock of the production efficiency of banks in India.
Methodology
It is usual to measure the performance o f banks using financial ratios. Yeh (1996) notes that the major demerit of this approach is its reliance on benchmark ratios.
These benchmarks could be arbitrary and may mislead an analyst. Further, Sherman and Gold (1985) note that financial ratios don't capture the long-term performance, and aggregate many aspects of performance such as operations, marketing and financing. In recent years, there is a trend towards measuring bank performance using one of the frontier analysis methods. In frontier analysis, the institutions that perform better relative to a particular standard are separated from those that perform poorly.
Such separation is done either by applying a non-parametric or parametric frontier analysis to firms within the financial services industry. The parametric approach includes stochastic frontier analysis, the free disposal hull, thick frontier and the Distribution Free Approaches (DFA), while the non-parametric approach is Data Envelopment Analysis (DEA) (Molyneux et al. 1996) . In this paper, the DEA approach has been used. This approach has been used since "recent research has
suggested that the kind of mathematical programming procedure used by DEA for efficient frontier estimation is comparatively robust" (Seiford and Thrall, 1990 ).
Furthermore, after Charnes, Cooper and Rhodes (1978) who coined the term DEA, a 'large number of papers have extended and applied the DEA methodology' (Coelli, 1996) .
The present study uses the latest available published data for the year 1997-98 compiled by the Indian Banks' Association (IBA, 1999). As per this database, in the year 1997-98, there were 27 public sector commercial banks, 34 private sector commercial banks and 42 foreign banks. Of these 103 banks, the data on some of the inputs and outputs of nine banks (1 private sector and 8 foreign) were not available.
Hence these banks were excluded from the sample. The final sample thus had 27 public sector commercial banks, 33 private sector commercial banks and 34 foreign banks. Thus, the total observations consisted of 94 banks. The choice of inputs and outputs in DEA is a matter of long standing debate among researchers. Two approaches exist. One is called the production approach while the other an intermediation approach. The production approach uses number of accounts of deposits or loans as inputs and outputs respectively. This approach assumes that banks produce loans and other financial services. The intermediation approach on the other hand considers banks as financial intermediaries and uses volume of deposits, loans and other variables as inputs and outputs. Most of the DEA studies follow an intermediation approach. Within the intermediation approach, the exact set of inputs and outputs used depends largely on data availability. As already stated DEA is sensitive to the c hoice of input-output variables. This is strength of the technique, since it reveals which of the input-output variables need to be closely monitored by bank management to improve efficiency. Avkiran (1999) has attempted a similar twomodel analysis for Australian banks.
Data Envelopment Analysis
DEA is a linear programming technique initially developed by Charnes, Cooper and Rhodes (1978) to evaluate the efficiency of public sector non-profit organisations. Sherman and Gold (1985) were the first to apply DEA to banking. DEA calculates the relative efficiency scores of various Decision-Making Units (DMUs) in the particular sample. The DMUs could be banks or branches of banks. The DEA measure compares each of the banks/branches in that sample with the best practice in the sample. It tells the user which of the DMUs in the sample are efficient and which are not. The ability of the DEA to identify possible peers or role models as well as simple efficiency scores gives it an edge over other methods. As a n efficient frontier technique, DEA identifies the inefficiency in a particular DMU by comparing it to similar DMUs regarded as efficient, rather than trying to associate a DMU's performance with statistical averages that may not be applicable to that DMU.
DEA modelling allows the analyst to select inputs and outputs in accordance with a managerial focus. This is an advantage of DEA since it opens the door to what-if analysis. Furthermore, the technique works with variables of different units without the need for standardisation (e.g. dollars, number of transactions, or number of staff).
Fried and Lovell (1994) have given a list of questions that DEA can help to answer.
However, DEA has some limitations. When the integrity of data has been violated, DEA results cannot be interpreted with confidence. Another caveat of DEA is that those DMUs indicated as efficient are only efficient in relation to others in the sample. It may be possible for a unit outside the sample to achieve a higher efficiency than the best practice DMU in the sample. Knowing which efficient banks are most comparable to the inefficient bank enables the analyst to develop an understanding of the nature of inefficiencies and re-allocate scarce resources to improve productivity.
This feature of DEA is clearly a useful decision-making tool in benchmarking. As a matter of sound managerial practice, profitability measures should be compared with DEA results and significant disagreements investigated. The DEA technique has been used in efficiency analysis of banks (rather than branches); some recent examples are Yue (1992) , Berg et al.. (1993) , Favero and Papi (1995) , Wheelock and Wilson (1995) , Miller and Noulas (1996) , Resti (1997) and Sathye (2001) 2 .
Results
The efficiency scores of e ach of the banks included in the sample are shown in Appendix 1. In Table 2 , some descriptive statistics about the banks in the sample has been presented. Model B of the study. The efficiency score fits within the range of the scores found in other overseas studies but is lower than the world mean efficiency. "The mean efficiency value was 0.86 with a range of 0.55 (UK) to 0.95 (France)" (Berger and Humphrey, 1997, p. 17) . A mean efficiency score that is lower than the world mean implies that there is a need for Indian banks to further improve efficiency so as to achieve world best practice. The government also needs to help banks by creating an appropriate policy environment that promotes efficiency.
In Table 3 , we present number of banks by ownership in four quartiles of efficiency scores. The above table shows that These outlier cases are because of peculiarity of the region in which t hese banks operate. They are flush with deposits but have few avenues for lending. These banks invest funds in government securities (which is not considered here as output due to non-availability of data) hence these banks show low efficiency scores.
The scores computed using Model A and Model B need some explanation. As already stated DEA is a flexible technique and produces efficiency scores that are different when alternative sets of inputs and outputs are used. In Model A, we have used prices of inputs (interest and non-interest expenses) as the input variables while in Model B, mainly quantities of inputs (deposits and staff numbers) have been used as input variables. Foreign banks as a group appear to be more efficient users of input quantities t o produce a given output as compared to the public sector banks and private sector banks. This means that there are inefficiencies in use of these two inputs (deposits and staff numbers) among the public sector and private sector banks which these banks need to remedy to achieve increased efficiency. On the other hand, foreign banks need to focus on pricing aspects (interest and non-interest income and expenses) of their inputs and outputs to achieve higher efficiencies. The lower scores for private sector banks in both the models could be because these banks are in the expansion phase and could have higher amount of fixed assets employed which have yet to start generating return.
The efficiency estimates as per this study compare well with the score estimated by Bhattacharya et al. (1997) . In their study the efficiency scores ranged from 79.19 to 80.44 in the years 1986 through 1991. In the study of Saha et al. (2000) where efficiency scores have been estimated only for 25 public sector banks the estimates ranged from 0.58 to 0.74 in the year 1995 and the mean score was 0.69. The inputs and outputs, number of firms in the sample and the year are different in the present study compared to these two studies. Bhattacharya et al. analyse data for the prederegulation years while this study does so after sufficient period has elapsed since deregulation. The banks have taken steps to lower the ratio of non-performing assets, which has been brought down from 24 per cent in 1993-94 to 20 per cent in 1994-95 (Rangarajan, 1995) . This would have helped in increasing interest income an input in Model A. The banks need to continue their efforts to reduce the percentage of nonperforming assets to improve efficiency. Another important reason affecting the efficiency of public sector banks, in particular, is the high establishment expenses as a percentage of total expenses. In the year 1997-98, the ratio was 20.13 for public sector banks, 9.87 for private sector commercial banks and 7.66 for foreign banks.
The public sector banks have recently introduced a voluntary redundancy scheme for staff, which if successful will help bring down this ratio and thus improve efficiency scores further.
Conclusion
Using published data, this paper worked out the production efficiency score of Indian banks for the year 1997-98. The scores were calculated using the non-parametric technique of Data Envelopment Analysis. The study shows that as per Model A, the public sector banks have a higher mean efficiency score as compared to the private sector and foreign commercial banks in India. As per Model B, they have lower mean banks. Most banks on the frontier are foreign owned. The study recommends that the existing policy of bringing down non-performing assets as well as curtailing the establishment expenditure through voluntary retirement scheme for bank staff and rationalization of rural branches are steps in the right direction that could help Indian banks improve efficiency over a period of time so as to achieve world best practice. 
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